Bumblebees as Bombus terrestris (L.) are used worldwide in greenhouses for the pollination of different crops such as tomatoes and sweet pepper (Velthuis and van Doorn 2006) . The commercial breeding of bumblebees in 2006 was already estimated to represent a yearly turnover of €55 million, and the pollinated greenhouse tomatoes had an estimated value of €12,000 million per year (Velthuis and van Doorn 2006) and have increased since then. The breeding of bumblebees occurs in-house with strict procedures in place to exclude contact with the outside environment and to prevent inbreeding. For B. terrestris, this in-house production has been extensively optimized (Velthuis and van Doorn 2006) . However, not all queens will start up typical worker-producing colonies, which switch into sexual producing colonies after the switch point (i.e., the moment that a queen switches from laying diploid workers into laying only haploid drones and/or diploid daughter queens). In a small number of colonies, the first offspring already contains drones instead of only female workers. This early production of drones, at a worker/drone sex ratio of 1:1, has already been reported in a range of haplodiploid insects. These drones are typically diploid and could be a consequence of inbreeding or homozygote alleles at the sex determination loci (Duchateau et al. 1994; Whitehorn et al. 2009 ). As in bumblebees, sex is determined by the presence of complementary alleles at a single sex determination locus where heterozygotes at this locus will develop into diploid females and hemizygotes into haploid drones, while hemizygotes develop into diploid drones (Duchateau et al. 1994; Whitehorn et al. 2009 ).
Quality assurance (QA) within the breeding facility eliminates early drone-producing colonies; such colonies are disapproved for sales into the market. This phenomenon of early drone producing can be easily scored by sexing the first batch of offspring. We received six of those QA-failed colonies (i.e., early drone-producing colonies) from a commercial mass rearing facility in order to investigate why these colonies produced males so early. We killed and collected all the specimens of these colonies and determined the sex of each specimen under a microscope. We separated workers and drones based on the presence or absence of a sting, and the presence of male genitalia ( Figure 1 ). Based on the frequency of drones in each colony, we divided these colonies in two groups: colonies which looks to have a biased 1:1 worker/drone ratio (group 1) and colonies which consisted of almost only drones (group 2) (Table I ). Subsequently, we investigated what could be the reason for the early drone production in these colonies. Is it the typical diploid drone production with a biased sex ratio toward more drones or does the queen produces haploid drones, because the mated queens have problems to fertilize her eggs?
To investigate if the colonies produce diploid or haploid drones, we used microsatellites. From each colony, we genotyped the queen and five other specimens: one or two worker(s), if present, and three to four drones (Table I) . Bumblebee DNA was extracted from one middle leg of each bumblebee specimen with the same method as described by Maebe et al. (2013) . Workers were genotyped at ten microsatellite loci: B11, B100, B121, B126, and B132 (Estoup et al. 1993 ) and BT04, BT08, BT10, and BT11 (Reber Funk et al. 2006 ) as originally developed from B. terrestris, and BL02 (Reber Funk et al. 2006) as derived from Bombus lucorum.
Microsatellites were then amplified by PCR and visualized with capillary electrophoreses as described by Maebe et al. (2013) . As shown in Table I , queens, workers, and drones were identified being diploid when they scored being heterozygous at a minimum of one loci, while bumblebees that scored homozygous for each microsatellite were scored as haploid. Based on ten microsatellite loci, the probability of scoring a true haploid drone as a haploid and not as a homozygote diploid drone is high. Even when using a high allele frequency (f) in all microsatellite loci of 0.5, the probability (P) is still 99.9 % with P=(1−(f) 10 )×100. Figure 1 . Micrograph of the male genitalia (white arrows) of a diploid drone used in this study Table I . Overview of the morphological and genetic data for each of the colonies, divided in two groups based on the sex ratio: group 1 contains three colonies with a biased worker/drone sex ratio of 2:3, while group 2 contains three colonies which consisted out of almost only drones. Data present the numbers of drones and workers within each colony, worker/drone sex ratio, presence of workers laying eggs and a queen helper, and ploidy of the drones (diploid/haploid) as determined with the microsatellite analyses in this study. All drones produced by the three colonies belonging to group 1 were diploid and were all offspring of their founding queen (Table I ). Furthermore, we tested if the sex ratios in those colonies were biased from the expected 1:1 worker/diploid male ratio. Based on a χ 2 test (with Yates correction), the three colonies A, B, and C showed no significant deviation from the 1:1 sex ratio (Yates χ 2 =1.885, P=0.170; Yates χ 2 =0.500, P=0.480; and Yates χ 2 =0.643, P=0.423, respectively). However, we found a slight but significant bias from the normal 1:1 sex ratio when we pooled the data over all three colonies (Yates χ 2 =3.879, P<0.05). This was surprising as one might expect the opposite because diploid males have a reduced viability in comparison to workers. However, it should be remarked here that the breeding facility made the selection of the colonies based on the number of drones in the first brood. We therefore speculate that the unexpected 2:3 ratio can be explained by a sampling bias for colonies with larger numbers of drones. The colonies tested can thus be considered as typical examples of diploid drone-producing colonies explained by inbreeding or mating of nonrelated specimens with the same alleles for the sex loci (Table I) .
The colonies belonging to group 2 produced only haploid drones (Table I) . However, not all of these haploid drones originated from the founding queen. Some of those haploid drones were offspring produced by the queen helper, that is a bumblebee worker placed together with the queen to induce egg laying (Table I ). This indicates that the queen of those colonies had problems to fertilize her eggs and could lay only unfertilized eggs which will develop to haploid drones. Furthermore, it also indicates that the queen helpers started producing haploid drones themselves, probably induced by the inferior egg laying capacity of the queen.
In conclusion, the data of this project showed that early drone-producing colonies from mass production facilities can produce diploid or haploid drones. The presence of haploid drones indicates that the queen had problems in the fertilization of her eggs, while the presence of diploid drones confirms some level of inbreeding. In addition, we remark that morphometrics and wing landmarks are interesting for future research to evaluate if they can be used for separating diploid drones from haploid ones. 
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